I ntravenous (IV) methylprednisolone (MP) pulse therapy has been proposed as treatment for severe rheumatoid arthritis (RA), in particular to achieve symptomatic relief in patients with active disease despite the use of disease modifying antirheumatic drugs (DMARDs). [1] [2] [3] [4] This strategy has been recently re-examined owing to the availability of tumour necrosis factor (TNF) antagonists. In several controlled studies, infliximab (IFX), 5 6 adalimumab, 7 and etanercept 8 have indeed been shown to be effective in MTX resistant RA, not only suppressing inflammation but also slowing down radiological progression, thereby offering a new therapeutic option for patients with refractory disease. The clinical benefits of TNF blockade in MTX resistant patients with RA have, however, never been compared in a randomised study with those of IV MP pulse therapy-an interesting issue, particularly given the differential costs between the two treatments.
In this study we compared the short term clinical and biological effects of IV MP and IFX in patients with active RA despite MTX treatment.
PATIENTS AND METHODS

Inclusion and exclusion criteria
Patients were eligible for this study if they met the American Rheumatism Association classification criteria for RA, 9 were aged between 18 and 80 years, had a disease duration of more than 1 year, and had active disease (defined as the presence of a swollen joint count (SJC) >6 (by the 66 joints count), a tender joint count (TJC) >6 (by the 68 joints count), and at least two of the following disease activity criteria: morning stiffness >45 min, erythrocyte sedimentation rate .28 mm/ 1st h, or serum C reactive protein (CRP) .20 mg/l), despite treatment with MTX at a weekly dose of 15 mg (10 mg when tolerance was poor). Exclusion criteria included past/current history of tuberculosis, human immunodeficiency virus infection, hepatitis C virus infection, expected poor compliance, current treatment with oral glucocorticoids at a daily dose .10 mg prednisolone equivalent, previous treatment with IV MP pulse and/or TNF antagonists. The study was approved by the ethics committee of the two hospitals participating in the trial and patients' informed consent was obtained before screening.
Treatment protocol
Twenty seven patients fulfilling the inclusion criteria were randomly allocated to the MP (n = 15) or IFX (n = 12) group and followed up for 14 weeks. Patients randomised to the MP group received a single IV infusion of 1 g methylprednisolone (sodium hemisuccinate) at week 0, whereas patients included in the IFX arm were given three IV infusions of IFX, at a dose of 3 mg/kg, at weeks 0, 2, and 6 (standard induction therapy). Patients randomised to the MP group did not receive a sham perfusion on weeks 2 and 6. Oral glucocorticoid and MTX doses remained unchanged throughout Abbreviations: ACR, American College of Rheumatology; CRP, C reactive protein; DMARD, disease modifying antirheumatic drug; IFX, infliximab; IL, interleukin; IV, intravenous; MMP, matrix metalloproteinase; MP, methylprednisolone; MTX, methotrexate; RA, rheumatoid arthritis; SJC, swollen joint count; TJC, tender joint count; TNF, tumour necrosis factor the study. Intra-articular steroid treatment was not allowed, nor the introduction of a new non-steroidal anti-inflammatory drug or DMARD.
Patient assessment
The following items were measured at baseline and at weeks 2, 4, 6, 10, and 14: SJC (by the 66 joints count), TJC (by the 68 joints count), patient's and physician's global assessments of disease activity (by a visual analogue scale: 0-100 mm), patient's assessment of pain (by a visual analogue scale: 0-100 mm), morning stiffness, Health Assessment Questionnaire (0-3 score), Short Form-36 (SF-36) Health Survey (0-100 score), and serum CRP titres. Patients were all evaluated by the same observer, who was not aware of randomisation until week 14, when the study was completed. The American College of Rheumatology (ACR) response score was evaluated at week 14.
Laboratory tests Serum MMP-3 and interleukin (IL)6 titres were determined at baseline, weeks 2 and 6 by enzyme linked immunosorbent assay (ELISA) 10 and by the IL6 responsive 7TD1 hybridoma cell line bioassay, 11 respectively.
Statistics
Data were analysed using non-parametric tests for paired values (''intragroup'' comparisons; Wilcoxon matched-pair signed rank test) or unpaired values (''between-group'' comparisons; Mann-Whitney U test). Values of p for the ACR20 and 50 response rates were calculated by Fisher's exact test.
RESULTS
Baseline data
Twenty eight consecutive patients with RA with active disease despite MTX were randomly allocated to the MP or IFX group but one patient randomised to the IFX arm declined to take part in the study before receiving the drug. Table 1 shows that the clinical and biological data of the two groups did not differ significantly at baseline, and neither did the MTX weekly dose nor the oral prednisolone daily dose. By the time of randomisation, patients had received the following DMARDs: MTX (by definition, according to the inclusion criteria), sulfasalazine (85% of the patients), gold salts (79%), hydroxychloroquine (61%), cyclosporin A (58%), D-penicillamine (42%), azathioprine (30%), and leflunomide (18%), with no differences between the MP and IFX groups (data not shown).
Distinct effects of MP and IFX on clinical and biological measures of disease activity
In this subset of patients with severe active RA despite MTX, one IV pulse of MP (1 g) did not significantly improve the measures of disease activity (fig 1) . By contrast, for patients given IFX, the SJC, TJC, morning stiffness, Health Assessment Questionnaire, patient's and physician's assessments of global disease activity, patient's assessment of pain, and serum CRP titres significantly improved. Figure 2 shows that 6/9 (67%) and 4/9 (44%) IFX patients met the ACR20 and ACR50 response criteria at week 14, whereas this was the case in only 1/12 (8%) and 0/12 (0%) in the MP group, respectively. No patient met the ACR70 response criteria.
Quality of life evaluation
Quality of life (QoL) was evaluated at baseline and at week 14 through the Short Form-36 (SF-36) Health Survey. Table 2 shows that no significant improvement was noted in any of the SF-36 scales in the MP group. In the IFX group, significant improvement was noted at week 14 compared with baseline for the item ''bodily pain''. Borderline significant improvement was observed in three additional scales (''physical functioning'', ''vitality'', and ''social functioning''). At week 14, the between-groups differences between MP and IFX patients were significant for four scales (''physical functioning'', ''bodily pain'', ''general health'', and ''social functioning'').
Side effects
No serious infections or immunoallergic reactions were noted either in the IFX or in the MP group. Other side effects were minimal (MP group: one short lived episode of anxiety in week 2, pruritus in week 4, and neck pain in week 6; IFX group: one episode of labial Herpes simplex infection in week 2, sore throat in week 10, and myalgias in week 10).
Distinct effects of IFX and MP on serum matrix metalloproteinase-3 (MMP-3) and IL6 titres Serum MMP-3 and IL6 titres were measured at baseline, weeks 2 and 6 in both groups of patients (fig 3) . Interestingly, the mean MMP-3 titres significantly decreased (41% drop) at week 6 in the IFX group, whereas no changes were seen in patients given MP. Serum IL6 titres did not vary significantly over time in either group. However, the mean values measured in IFX patients at week 6 were significantly lower than those measured in the MP group.
Effects of IFX in patients initially randomised to the MP group When the protocol was completed, all patients randomised to the MP group were given IFX in an open design and their clinical and biological data were collected. Figure 4 shows that significant improvement in the SJC, TJC, and serum CRP titres was seen in these patients, as soon as 2 weeks after their first IFX perfusion, thereby indicating that these very patients were not refractory to treatment.
DISCUSSION
To the best of our knowledge, this is the first randomised study aimed at comparing the effects of MP pulse therapy and IFX in patients with active RA despite MTX. The results presented here show that TNF blockade is better than MP pulse treatment in a subset of patients with severe refractory RA, with improvement not only in clinical measures of disease activity but also in biological inflammatory indices, such as serum CRP titres. Of note, significant betweengroups differences were seen as soon as week 2-that is, after only one infusion of IFX.
Although the clinical effects of IFX are well in line with those published previously, 5 6 the absence of significant effect of MP pulse therapy contrasts with some previously published studies. [1] [2] [3] [4] A bias in patient selection most probably accounts for this discrepancy rather than differences between pulse regimens (our patients received only a single MP pulse). As indicated by the baseline data summarised in table 1, the disease in patients with RA recruited in this trial was among the most active and most refractory seen in our arthritis clinic. This bias in patient selection probably explains why our results differ from those reported by Nossent et al. 12 In a non-randomised study performed in 19 patients with flaring RA, they found that IV MP and IFX had similar beneficial effects. It should be emphasised, however, that only half of these patients were treated with MTX, whereas all our patients were given that drug and still had active disease. Incidentally, our patients randomised to the IV MP group were offered open treatment with IFX when the protocol was completed and dramatically responded to TNF blockade, thereby lending further support to view that TNF blockade is better than MP pulse therapy in this subset of patients with severe disease. The observation that serum MMP-3 titres drop by 41% in the IFX group is well in keeping with previous data 13 and sharply contrasts with the absence of effects of pulse MP treatment, an observation already made at the synovial membrane level.
14 Actually, it was shown that oral glucocorticoid therapy increases serum MMP-3 titres. 15 16 These distinct effects of MP and IFX on MMP-3 expression might be relevant to further damage, given the important role played by the enzyme in degrading many components of the cartilage and bone extracellular matrix and in activating proMMPs into their active form (such as MMP-1 and MMP-9). 17 The trend towards down regulation of serum IL6 titres observed in the IFX group, although not statistically significant compared with baseline, contrasts with the complete absence of an inhibitory effect of IV MP on IL6 production. This observation might be relevant for the clinical effect of TNF blockade because IL6 is induced in active RA, 11 and IL6 blockade was recently shown to display positive clinical and biological effects in patients with RA. 18 Our study has some potential limitations, especially the choice of the IV MP regimen and the absence of sham infusion in the IV MP group. Among the many IV MP pulse regimens (ranging from one to five infusions of 250 mg to 1 g, according to the proposed standardised nomenclature for glucocorticoid dosages and treatment regimens 19 ), we chose a single IV infusion of 1 g based on our clinical practice in RA over the past 20 years. Although it has been shown in two separate trials that an IV MP pulse of 1 g is not more beneficial for patients with RA than lower (250 and 320 mg) doses, 20 21 the efficacy of a single IV MP pulse of 1 g compared with repeated pulses of 1 g has not been compared to the best of our knowledge. The possibility that a more incisive MP regimen (three pulses of 1 g in 5 days) would have given better results can indeed be considered, but potential toxicity issues were also taken into account. The absence of sham infusions at weeks 2 and 6 in the IV MP group is another caveat. It should be emphasised, however, that by week 2 all patients had received an infusion. Yet, only those patients given IFX improved clinically and biologically, thereby suggesting that the differential effects of IFX and MP confirmed on later follow up visits were not merely due to a placebo effect linked to two additional infusions.
Unpublished data indicate that IFX is efficient in achieving rapid disease control and in suppressing radiological progression in early RA. 22 Therefore, as suggested in a recent editorial, 23 comparative studies between glucocorticoids and TNF antagonists should be performed not only in refractory RA, as in this study, but also in early disease, the more so as glucocorticoids have been proposed as part of the remission inducing phase of treatment. 24 Such studies should ideally include pharmacoeconomic issues.
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